Objective: Evaluating the bacterial bioburden of pressure ulcers through bacterial count and pathogenicity is important but is currently difficult to perform in the clinical setting. In order to address this problem, we proposed two methods: 1) measurement of bacterial count using a quantitative device and 2) detection of biofilm formation by wound blotting. The purpose of this study was to investigate the relationship between the bacterial bioburden, assessed by combining these two methods, and the presence of wound inflammation.
Introduction
Excessive inflammation in wounds contributes to delayed healing. The immune response against bacteria that invade the wound tissue is attributed in part to wound inflammation. Pressure ulcers are continuously exposed to exogeneous opportunistic pathogens by commensal skin bacteria or stool. In addition, many patients with pressure ulcers have weakened immune systems, which puts them at high risk for wound infection. Khor et al reported that the presence of an infected deep pressure ulcer is an independent predictor of mortality in pressure ulcer patients that are at least 65 years old (HR: 2.21). 1 The presence of infected pressure ulcers increases the risk of bacteremia by seven times in pressure ulcer patients and elevates the risk of death by 30 times in patients with bacteremia. 2 Accordingly, the assessment of bacterial bioburden in daily care is important, and health care workers should work to prevent the development of pressure ulcer infection. Bacterial bioburden can be defined by two aspects: bacterial count and pathogenicity. The culture method is widely used in the clinical setting for quantifying bacterial count. 3 Although wound biopsy is the gold standard for diagnosing wound infection, it is considered to be overly invasive and time-consuming. The presence of viable but nonculturable bacteria has become a problem in the identification of bacteria using the culture method. It has been reported that anaerobic bacteria are present in chronic wounds, 4 but are difficult to collect, leading to underestimated results. 5, 6 To overcome this, we utilized a culture-independent quantitative device. The Bacteria Counter measures the total number of bacterial cells collected by a sterile swab from a wound surface by measuring the dielectrophoretic impedance of the sample. 7 By comparing the bacterial counts before and after washing, this quantitative method can be used as an assessment tool for wound cleansing techniques. 8 Additionally, the reliability of the device for measuring bacterial counts in pressure ulcer sites has already been confirmed. 9 In conclusion, the noninvasive and convenient nature of the Bacteria Counter means that bacterial count measurements can now be performed at bedside to assess bacterial bioburden.
Biofilm-based wound care has recently attracted attention, 10 and guidelines now recommend debridement and topical antiseptics for biofilms on the wound surface. 3 Biofilms are usually identified by observing the bacteria and polysaccharides in the wound tissue by microscopy. However, this method involves wound biopsy, an invasive procedure, and is not preferable for bedside observation of wounds. Therefore, we proposed the noninvasive and simple wound blotting method for biofilm detection. 11 In this method, polysaccharides in the exudate are collected by attaching a nitrocellulose membrane to the wound surface, and biofilms are visualized by staining with either ruthenium red or alcian blue. We reported that this method can predict the increased slough formation in pressure ulcers. 11 Thus, using this method along with the Bacteria Counter allows clinicians to evaluate both quantity and quality of bacterial bioburden noninvasively at bedside. However, how the assessment of bacterial bioburden by combining bacterial count and pathogenicity relates to wound inflammation has not yet been clarified. In the present study, we evaluate the relationship between bacterial bioburden and the presence of wound inflammation.
Patients and methods study design and participants
This cross-sectional study was conducted at a university hospital in an urban area of Tokyo, Japan. The participants were patients aged ≥20 years and were examined during a routine round in an interdisciplinary pressure ulcer team between July 2014 and April 2018. The inclusion criterion was the presence of category II, III, IV, or unstageable pressure ulcers according to the international National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel and Pan Pacific Pressure Injury Alliance pressure ulcer classification system. 3 We excluded the pressure ulcer samples that did not receive thermal imaging assessment, measurement of bacterial count, and biofilm detection. The samples whose surfaces were covered completely with hard and/or thick necrotic tissue were also excluded because inflammation could not be evaluated accurately for these samples. 12 
Bacterial count system
The rapid bacteria quantification system (Bacteria Counter, DU-AA01NP-H; Panasonic Healthcare Co. Ltd., Tokyo, Japan) was used for measuring bacterial count. 7 This device displays data ranging from 1.0×10 5 colony forming unit (CFU)/mL to 1.0×10 8 CFU/mL. The researcher swabbed the longest axis of the pressure ulcer once using a cotton-tipped sterilized swab. The collected swab was transferred to a normal saline bottle, which acted as an accessory to the Bacteria Counter. 8, 9 The bacterial count per swab was measured at bedside within 60 seconds. In the present study, we measured the bacterial counts before wound cleansing to evaluate the bacterial bioburden at the wound surface. Bacterial counts greater than 1.0×10 7 CFU/mL were considered high.
Wound blotting
In this study, we collected wound blotting samples before wound cleansing and debridement to detect for biofilm formation. A nitrocellulose membrane (Bio-Rad Laboratories Inc., Hercules, CA, USA) was firmly pressed to the wound bed for 10 seconds. The membranes absorbing the exudate were stored at 4°C until staining. Membranes were stained using either ruthenium red or alcian blue. 11 Ruthenium red staining was performed as follows: each nitrocellulose membrane was premoistened with distilled water, stained with 5 mg/mL ruthenium red solution (Wako Pure Chemical Industries, Ltd., Osaka, Japan) for 2 minutes, washed with distilled water, and destained thrice with 10% acetic acid/40% methanol solution for 30 minutes. Alcian blue staining was performed as follows: each nitrocellulose membrane was soaked into the first cation detergent solution (Saraya Co. Ltd., Osaka, Japan) for 30 seconds with shaking, stained with alcian blue solution (Saraya Co. Ltd.) for 30 seconds, and then soaked in the second cation detergent solution for 60 
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Kunimitsu et al seconds with shaking. Positive or negative biofilm formation was evaluated by the observation of signal on the nitrocellulose membrane. We did not consider the signal to be positive when only the part corresponding to the wound edge was stained as exudate likely accumulated in that area.
Thermographic assessment
We used thermographic assessment for detecting the presence of latent inflammation. 12 Thermographic images of the wound bed and periwound skin were captured using infrared thermography to assess wound bed temperature (CPA-T400A; FLIR Systems, Inc., Wilsonville, OR, USA). We obtained the images before wound cleansing because the temperature of skin and wound bed after cleansing would be affected by evaporation. Pressure ulcers with a higher temperature in the wound bed than in the periwound skin were determined to be positive for inflammation. 12 
Data collection
Data, including the patients' demographic characteristics (age and sex) and pressure ulcer location, were collected from the patients' medical records. Relevant clinical information, including the treatment (debridement, antibiotic, and silicone foam dressing), pressure ulcer severity (DESIGN-R ® ), bacterial count (Bacteria Counter), biofilm formation (wound blotting), and inflammation (thermography) were collected from the pressure ulcer round records. DESIGN-R ® is a wound assessment tool for evaluating the severity of pressure ulcers and monitoring the wound healing process using seven parameters: depth (pressure ulcer severity category; d2, D3, D4, D5, and DU which means unstageable pressure ulcers because its depth is impossible to be measured), amount of exudate, size (width × length), inflammation/infection, granulation tissue (percentage of healthy granulation tissue relative to the whole wound area), necrotic tissue (presence of soft or hard necrotic tissue), and undermining. Higher DESIGN-R ® scores represent higher pressure ulcer severity. 13, 14 statistical analysis
Values are presented as the mean with SD. The chi-squared test was used to compare the high and low bacterial counts, and the positive and negative biofilm formation parameters, respectively. Since there are multicollinearities between bacterial counts and biofilm formation, a composite variable for bacterial bioburden was created by combining bacterial count and biofilm formation, thus categorizing wounds as follows: negative biofilm formation, low bacterial count and positive biofilm formation, or high bacterial count and positive biofilm formation. Multilevel logistic regression analysis was performed to verify the relationship between the bacterial bioburden variable and the presence of inflammation in pressure ulcers by adjusting the total DESIGN-R ® score. All statistical analyses were performed using STATA/ SE 15.0 (StataCorp LP, Collage Station, TX, USA).
Ethical statement
The study protocol was approved by the ethical committee of the Graduate School of Medicine at the University of Tokyo, and conducted in accordance with the Helsinki Declaration.
Results
From July 2014 to April 2018, 118 patients who were examined during a routine round in an interdisciplinary pressure ulcer team were assessed with category II, III, IV, or unstageable pressure ulcers. Among 458 pressure ulcer samples, 185 samples were excluded and 273 samples were ultimately included in the study analyses (Figure 1 ). The study participants and pressure ulcer characteristics are summarized in Table 2 . The mean DESIGN-R ® total score was 13.7±8.8, and 129 (47.4%) were assessed to be d2, corresponding to Category II.
Results of the wound assessments using the Bacteria Counter, wound blotting, and thermography are summarized in Table 3 . The mean bacterial count was 4.8×10 6 CFU/mL and the median bacterial count was 9.6×10 5 CFU/mL. Biofilm formation was detected in 222 samples (81.3%). Fifty-seven samples (20.9%) were determined to be positive for inflammation by the thermographic assessment.
The number of samples positive and negative for inflammation with respect to bacterial count are summarized in Table 4 . These results identified a significantly higher percentage of high bacterial count in samples positive for inflammation (P=0.009). The results comparing presence of inflammation with respect to biofilm formation are summarized in Table 5 and show a trend for a higher percentage of samples positive for biofilm formation in the positive inflammation group (P=0.076).
The results of the multilevel logistic regression analysis for evaluating the relationship between inflammation and bacterial bioburden are summarized in Table 6 . The combination of low bacterial count and positive biofilm formation was not significantly associated with wound inflammation (OR: 1.81, 95% CI: 0.70-4.71, P=0.223). However, the combination of high bacterial count and positive biofilm formation was significantly associated with wound inflammation (OR: 4.61, 95% CI: 1.37-15.46, P=0.013). Photographic examples Note: Mean ± sD, or n (%), one sample was not evaluated using Design-R ® . Abbreviation: DU, unstageable pressure ulcers. 
5
Kunimitsu et al of gross appearance and results of wound assessment are shown in Figure 2 .
Discussion
This study assessed the relationship between bacterial bioburden of pressure ulcers, measured by both bacterial count and biofilm formation, and the presence of inflammation in patients. We found that the combination of high bacterial count and positive biofilm formation was significantly associated with the presence of wound inflammation. A previous study reported that wound cleansing promotes wound healing due to the resulting decrease in bacterial count. 15, 16 Moreover, positive biofilm formation can predict increased slough development in pressure ulcers. 11 Thus, evaluating the bacterial bioburden by both bacterial count and pathogenicity is important. However, no study has investigated the relationship between the signs and/or symptoms of the wound and an assessment of bacterial bioburden based on both bacterial count and pathogenicity. Our results suggest that assessing bacterial bioburden by combining bacterial count and biofilm formation may be useful for wound management.
The combination of high bacterial count and positive biofilm formation was significantly associated with the presence of wound inflammation detected by thermography. In cases where biofilm formation is present and bacterial count is high, the biofilm is likely to mature and release planktonic bacteria. 17 This situation is likely to have the greatest impact on the wound; therefore, this corresponds well with our results regarding presence of inflammation. In addition, biofilm does not release planktonic bacteria when the bacterial count is low, agreeing with our results that this situation is not significantly associated with wound inflammation. When biofilm is detected, it is advised that it should be eliminated from the wound by debridement, in addition to the basic care for controlling bacterial count (ie, wound cleansing). Moreover, when bacterial count is high, health care workers are advised to use an antiseptic to inhibit bacterial growth. The amount of time required to assess the bacterial count and biofilm formation are 1 minute and 2 minutes, respectively. Therefore, the methods used in the present study for evaluating bacterial bioburden are useful in daily wound assessment at bedside and can help to classify the type of wound care according to the bacterial bioburden.
In the present study, we evaluated inflammation through thermography. We suggested several reasons why ther- mographic assessment can be used as a relevant clinical outcome. First, excessive inflammation is an important outcome in wound healing. Second, in the case of critical colonization, the presence or absence of inflammation cannot be determined macroscopically. Third, one study reported that using thermography to detect inflammation can be a useful predictor of wound healing. 12 Lastly, we excluded pressure ulcers covered by black eschar, which would have made precise thermographic measurements difficult. 12 Therefore, investigating the relationship between bacterial bioburden and excessive inflammation detected by thermography is clinically valid.
The present study has several limitations. Since this study employed a cross-sectional observational design, we cannot conclude a causal relationship between bacterial bioburden and wound inflammation. Further longitudinal research involving a larger subset of patients with pressure ulcers is required to evaluate the relationship between bacterial bioburden and wound healing. The data used in this study were from a university hospital, and caution should be used when applying our findings to patients in other care settings. We assessed bacterial bioburden according to bacterial count and biofilm formation parameters. However, the specific bacteria that colonize wounds or form biofilms were not identified by the method used in this study. Recent research using molecular biological techniques has reported the relationship between poor wound healing and the transition of composition of the bacterial community. 18 Therefore, in the future, it will be important to evaluate bacterial bioburden from not only the presence of bacteria, but also the composition of the microbiota.
Conclusion
Our results confirm that the combination of high bacterial count and positive biofilm formation increases the risk of wound inflammation. Our study also suggests that combining the use of a Bacteria Counter and wound blotting allows clinicians to more accurately evaluate the bacterial bioburden of the wound, which contributes to the application of appropriate wound care.
Consent for publication
The study protocol was approved by the local ethical committee, who deemed that written, informed consent was waived. Verbal consent was obtained for the use of photographs. Notes: (A-C) an 83-year-old female with a D4 pressure ulcer on her greater trochanter region. Bacterial count was 1.2×10 7 CFU/ml (A). The wound bed temperature was higher than the periwound skin temperature (B, white arrow); thus, this thermographic image is classified to be positive for inflammation. This wound was evaluated to be positive for biofilm formation because a signal was clearly seen on the nitrocellulose membrane (C). (D-F) a 66-year-old male with DU pressure ulcer on his sacrum region. Bacterial count was 1.0×10
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5 CFU/ml (D). The wound bed temperature was lower than the periwound skin temperature (E, white arrow); therefore, inflammation was negative. no signal was observed on the nitrocellulose membrane (F); thus, biofilm formation was negative. Abbreviations: CFU, colony forming unit; DU, unstageable pressure ulcers. 
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